The present paper records an effort to reproduce glomerular nephritis in animals by inoculations of bacteria, especially by repeated inoculations such as might be expected to evoke phenomena of immunity, allergy, or sensitization. The indication for the a t t e m p t is found in the hypotheses p u t forth b y several writers in explanation of diffuse glomerulonephrifis, especially that occurring as a late sequel or complication of scarlet fever.
Volhard and Fahr state that it is characteristic of diffuse nephritis that it appears at a time when immune processes are active and speak of a "diffuse toxic action." Ophiils has suggested that the glomerular endothelium acquires strong bacteriolytic properties which cause an "explosive" reaction when the bacteria are again introduced into the tissue, lesions being caused by disruption products of the bacteria. The most elaborate development of the theory is that of von Pirq,uet and Escherich and Schick, who apply it also to the other late complications of scarlet fever. It may be summarized as follows: At the beginning of the disease, during the acute symptoms, the virus circulates in the body, sensitizing the cells in the same way as do all the foreign proteins. The immune substances (ergins) begin to appear at the end of the 2nd week. At this time a reinvasion of the body from various foci occurs, a specific reaction or combination between antigen and antibody takes place, and this, after the latent period common to allergic reactions in general, leads to active signs and symptoms of the scarlatinal sequel~e. The latter actually occur in the 3rd and 4th weeks, between the 19th and 22nd days. It is also part of the theory that the smaller the amount of protein acting in the preliminary sensitization, the sharper will be the later allergic reaction.
Von Pirquet and Escherich and Schick state that in the case of scarlet fever experimental proof of the allergic hypothesis must await the discovery of the 707 specific virus of the disease, but LShlein asserts that streptococci are either demonstrable or probably associated in all cases of diffuse nephritis, and it is commonly accepted (Holt and Howland) that many of the complications of scarlet fever, including nephritis, are probably due to secondary infection with streptococci.
It therefore seemed logical to attack this problem, in a way somewhat like that in which arthritis was previously studied, by investigating the effect upon the kidney of repeated inoculations of streptococci. In view of the fact that streptococci cause the production of only small amounts of recognizable antibodies in the serum, it was conceived that a more decisive test of the part played by humoral bacteriolysis 1 at least, would be furnished if bacteria (Bacillus coli communior) capable of evoking large amounts of serum antibodies were used. As a still further test, the effect of repeated large doses of these bacteria in a highly immunized and therefore resistant animal was investigated. Finally, several strains of Staphylococcus aureus were used for repeated inoculation.
EXPERIMENTAL.
With the exception of Bacillus coli communior, all the bacteria used in the following experiments were isolated from the throats of patients in the 1st week of scarlet fever. The first inoculation was usually from the second or third generation. In general, the organism found in greatest abundance was used. As a rule this was the streptococcus which was found in a majority of instances to be of the non-hemolytic type (Streptococcus salivarius). In a few instances a predominant growth of Staphylococcus aureus was obtained and once the KlebsLoeffler bacillus outgrew the other varieties.
Rabbits were used exclusively, usually young females weighing from 1,200 to 1,800 gm.
All tissues were fixed for routine examination in Orth's solution, and in formalin for frozen sections and for sections to be stained for bacteria 1 Here and elsewhere in this paper the term bacteriolysis is used to imply the proteolysis that is assumed to occur when bacterial antigens are subjected to the action of complement and antibody. Jobling and Petersen have recently shown that the phenomenon may be rather a process of solution than of proteolytic cleavage.
by the Giemsa method. All sections, except the last named, were stained tJy Van Gieson's method.
Giemsa stains were used on nearly all the kidneys, which were carefully examined, without success, for bacteria.
The results of the experiments are given in Table I . In general the glomerular changes were strikingly slight, though a majority showed one or more of the minor changes commonly found in glomerular nephritis, such as swelling of the endothelium, increase of the endothelial nuclei, and small amounts of granular exudate in the capsular space. If the data are examined closely it will be seen that the extent of such changes bears no appreciable relation to the number of injections or the character of the bacteria injected. Lesions are perhaps somewhat more frequent in those animals which died spontaneously than in those which were killed. In the one or two instances where a true albuminous exudate into the capsular space occurred a coincident spontaneous nephritis was observed. This complicates matters and renders generalizations hazardous. Leaving out these cases, we are at the most justified only in saying that bacterial inoculation produced a very mild grade of intraglomerular damage, but nothing comparable to the diffuse extraglomerular nephritis seen in man, with its exudate of fibrin, serum, and cells into the capsular space.
For bacteriolytic experiments, organisms of the typhoid-co]on group are, as is well known, much better suited than streptococci, and it was for this reason that the experiments of Series D with Bacillus coli communior, which is, highly virulent for rabbits, were carried out. In at least three, and probably all, of the animals of this series, a high degree of immunity, measured in terms of agglutinins was induced (Table II) . After immunization it was possib]e to inject such massive doses of bacteria as in untreated animals would cause sudden death. It was assumed on the basis of the modern belief in the unity of the so called sensitizer antibodies (Zinsser) and our agglutination tests that the animals had acquired greatly heightened powers of bacteriolysis and, hence, that the massive inoculations employed were followed by an inundation of the body with split bacterial protein. Indeed, marked prostration followed the injections and was taken as direct evidence of proteotoxic action. The glomerular changes in this series were perhaps slightly more marked than in the series in which streptococci and staphylococci were used, but again they failed to correspond in intensity with the number or the amounts of the injections. Thus, Rabbit 37, which received six large injections, suffered but a small amount of glomerular injury. On the whole, it is difficult in our experiments to find support for the bacteriolytic theory of glomerulonephritis. The fate of bacteria in the kidney is a matter of some interest, but could not be fully investigated in the present work. However, a few observations bearing on this point were made in connection with experiments, previously reported, when successive injections of diphtheria toxin and Bacillus coli communior were given. Large amounts of bacteria injected intravenously led to rapid death of the animal. The bacilli were found in dense clumps (Fig. 1) , mostly in the giomeruli and In these animals few leukocytes and little evidence of inflammatory reaction were found in the tufts. In animals dying 12 to 48 hours after inoculation the bacteria had usually disappeared and leukocytes, generally in large numbers, were found in the loops. In most of these animals there was a rather marked inflammatory reaction in the glomeruli. It was at first thought that a local bacteriolysis, by leukocytes, with the formation locally of poisonous bacterial disintegration products might be the cause of the inflammatory reaction, but against this was the fact that even with enormous doses (sediment of 30 cc. of broth culture) only a few glomeruli contained demonstrable organisms, whereas the inflammatory reaction involved a majority of the tufts. It was therefore assumed that the toxic substances with their diffuse action, were circulating in the blood. It does, however, seem fairly probable that the bacteria were occluded and removed by leukocytes, and in one instance this was directly observed (Fig. 2) . The theories which we are examining are closely dependent upon an assumed bacteriolysis of streptococci and it is necessary to examine closely the question whether lysis of the streptococcus can experimentally be shown to occur. To such physical and chemical procedures as freezing and thawing, and extraction with distilled water and weak alkali the streptococcus has, in my hands, proved to be extraordinarily resistant and experiments to be described below indicate that it is correspondingly resistant also to lysis by the Pfeiffer procedure, and by immune serum and complement. The contrast in these respects with the typhoid-colon group is, in fact, so great as to suggest a division of bacteria into what might be called lysostable and lysolabile groups.
In a previous paper (Faber) on experimental arthritis in rabbits it may be recalled that injection of streptococci into the knee-joints of rabbits was followed by a condition designated as sensitization, which was revealed by the occurrence of a local reaction when homologous organisms were later injected intravenously. The term sensitization was purposely chosen to indicate altered properties of the cells of the capsular synovium, without offering a more explicit interpretation of the exact process, whether it was bacteriolysis with the local formation of toxic bacterial disruption products, or an increase in the normal defensive leukocyte-attracting properties of the cells, or a process related in some way to a disturbed cellular ferment balance consequent to local specific antibody-antigen combinations. In point of fact, certain unpublished experiments were carried out at that time in an attempt to elucidate the problem in one of these directions, and may be cited here. Both knees aspirated after 1 hour. Both cultures sterile.
The immune serum was obtained from a rabbit which had received two injections of living streptococcus. Complement fixation was positive in the serum. This rabbit developed an acute arthritis immediately after receiving a third injection (shortly after the time that blood for the above serum was drawn).
In connection with the above experiments, the following cultural tests were made. The third point might be used as an indication of bacteriolysis and was therefore tested more completely in another series of experiments which are given in Table III. The following points may be emphasized. (1) The lowest counts were obtained in those plates in which the dilution of the serum had been respectively 1 : 30 and 1 : 50. The maximum agglutination was obtained with a dilution of 1:40. (2) The lowering of the bacterial count was independent of the amount of complement added. (3) Lowering of the bacterial count was obtained without complement and in two instances was greater than in any of the tubes to which complement had been added.
These experiments strongly suggest that we are dealing not with bacteriolysis proper but with an agglutination phenomenon. It is obvious that an agglutinated clump of bacteria will give,but a single colony and that agglutination in this way will cause an apparent reduction of the bacterial count when the pour-plate method is used, It may be assumed that when bacteria are introduced into a tissue the mechanism of defense is one of physical removal, depending on the leukotacfic activity of the tissue or bacteria in question (Fig. 2) . It may also be assumed that this activity is heightened by previous exposure of the tissue to the infecting agent a~d that the reaction will usually be accompanied by such other reactive phenomena as vasodilation and exudation of fluid. Bacteriolysis of streptococci in situ and the local production of toxic disintegration products is at the least an improbable explanation of the phenomenon.
The conclusions to be derived from the experiments on joints may perhaps fairly be applied to the kidney, save that in the latter we have obtained much less evidence of reactivity. It is evident that the arrangement of the glomerular capillaries is such that small bacterial emboli can be expeditiously removed by phagocytes and that there is in the tuft no closed space in which inflammatory exudate can collect. It may, indeed, be doubted whether these emboli are permitted to remain long enough in contact with the glomerular endothelium to set up a state of sensitization. In none of the rabbits examined were bacteriM emboli found more than 12 hours after injection and then in only one instance when the animal had been profoundly intoxicated with diphtheria toxin.
The capsular space, on the other hand, does supply conditions of relatively poor drainage which are increased when the excretion of water from the tuft is interfered-with. Apparently, it is when the lining epithelium of Bowman's capsule has been damaged and permits toxic substances to pass through that leukocytes, fibrin, and the other materials of inflammatory exudate are attracted to the capsular space and so produce the picture of extraglomernlar nephritis. This picture, it will be recalled, was produced when an injection of bacteria followed injury by diphtheria toxin. The present series of experiments with their consistently negative results constitutes strong evidence that bacteria alone are unable to produce extraglomerular nephritis, even by cumulative action or by immune bacteriolysis, since on the one hand a bacterial species known to be subject to immune bacteriolysis failed to produce the lesions under favorable conditions, and since on the other hand the organism coinmonly found in this disease has been shown to be extraordinarily resistant to bacteriolysis.
The evidence of the present experiments and the arguments presented against the bacteriolytic theory would also appear to apply equally well to the assumption of a local allergic reaction in the glomerular endothellum.
Embolism, even in an immune host where agglutination in vivo may be assumed to occur, is too sporadic in the kidney to explain lesions as widespread and evenly distributed as occur in the human disease, and it seems more than ever necessary to assume the action of a soluble poison in the blood as the immediate pathogenetic factor. For the present there is no direct proof of the nature or of the origin of this poison.
The local concentration of poisons in the tuft, whatever may be their source or nature, may, however, still be held to be the immediate cause for the occurrence of lesions at this point.
SUMMARY.
Repeated injections into the blood stream of streptococci and staphylococci derived from cases of scarlet fever, and of Bacillus coli communior failed to produce typical glomerulonephritis even when immune antibodies could be demonstrated in the serum in high dilutions. Bacteriolysis of streptococci was not found by the usual tests in vitro or by the Pfeiffer procedure. It is therefore concluded that the weight of evidence is against the theory that giomerulonephrifis is due to immune bacteriolysis of streptococci. The experiments also failed to give any support to the hypothesis of allergy or of sensitization as a factor in the production of the disease. Evidence is presented to show that bacterial emboli are rapidly removed from the glomerular capillaries by leukocytes, and that this embolism, even after injections of enormous quantities of bacteria, affects but a small proportion of the glomeruli. It is again suggested that a circulating poison in the soluble state is responsible directly for the disease in question. 
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